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Abstract: Introduction: The effect of regular gum chewing on psychological status is unknown. The purpose of this study 
was to examine the effect of gum chewing for fourteen days on psychological status and physical and mental fatigue in 
healthy young adults.  
Methods: We assigned 50 volunteers randomly to an intervention group (n = 26) and a control group (n = 24). Participants 
in the intervention group were requested to chew the gum twice per a day for fourteen days. The volunteers were required 
to complete a questionnaire related to lifestyle for baseline assessment. The State-Trait Anxiety Inventory (STAI), the 
Profile of Mood State (POMS), the World Health Organization Quality of Life 26, and assessment of physical and mental 
fatigue by visual analog scale were used at baseline, 2 weeks (after intervention), and 4 weeks (follow-up).  
Results: At 2 weeks, the score of state anxiety was significantly lower in the intervention group than the control group. 
The intervention participants’ scores of depression-dejection, fatigue and confusion in POMS were better than the control 
group scores. Mental fatigue were also relieved after the intervention. At 4 weeks, there were no significant differences 
between both groups. 
Conclusion: Fourteen days’ gum chewing may improve the levels of anxiety, mood and fatigue.  
Keywords: Gum, chewing, anxiety, mood, fatigue. 
INTRODUCTION 
Mastication involves rhythmic and voluntary movements 
of lower jaw by the masticatory muscles bringing the process 
by which food is crushed and ground by teeth. This process 
is the first step of digestion and increases salivary flow. 
Tooth loss and asthenia of masticatory muscles causes   
impairment of masticatory function and chewing disability. 
Animal experiments have shown that tooth loss or long-
term soft-diet feeding causes a decrease in learning and 
memory ability [1-3]. A previous study also revealed that 
soft-diet feeding after a weaning period reduces synaptic 
formation in the cerebral cortex and impairs the ability of 
spatial learning in adulthood [4]. Biting during restraint ex-  
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posure suppresses stress-induced catecholamine concentra-
tions in the blood [5]; numbers of neuronal nitric oxide syn-
thase-positive neurons, which respond to stressors, are re-
duced in the hypothalamus [6]. These studies imply that 
masticatory activity induced a positive anti-stress effect in 
animals. 
Mastication is regulated by a neural population in the 
brainstem and a neural network including several brain re-
gions. Gum chewing has been shown to be associated with 
increased cerebral blood flow in humans [7-9], and several 
studies have reported increased cerebral activity following 
gum chewing [10-12]. Thus, the beneficial effects of chew-
ing on cerebral activity have been suggested, even though 
the mechanism of these effects is controversial. 
In epidemiological studies, oral function and status have 
been shown to be related to physical, mental, and social 
health. In particular, chewing ability has been shown to in-
fluence activities of daily living [13], cognitive status [14], 
and quality of life in elderly people [15]. However, these 134     Clinical Practice & Epidemiology in Mental Health, 2011, Volume 7  Sasaki-Otomaru et al. 
results have been reported in cross-sectional studies. Pro-
spective studies are required to determine the association 
between chewing ability and health status. 
We have previously reported that the mental endurance 
on the psychological stress test of elementary school students 
improved after eating hard gumdrops for 28 days [16]. Al-
though the gumdrop were harder than a general gum on the 
market in this study, it were not able to continue chewing 
like a gum. In a recent report, the perceived level of stress 
was found to decrease after a gum-chewing period and in-
crease after gum-abstain period [17]. 
Thus, gum chewing is a popular and convenient way to 
help relieve stress and improve concentration. Regular gum 
chewing may influence mental health, although the effects of 
gum chewing on mood or fatigue were unclear. Promoting 
mental health is a global public health issue. However, few 
studies have investigated the relationship between chewing 
and mental health status. The purpose of this study was to 
examine the effect of gum chewing for 14 days on psycho-
logical status and fatigue in healthy young adults.  
METHODS 
Participants 
The present study was conducted between June and Sep-
tember 2009 at two nursing colleges in Japan. Participants 
were recruited from April 2009 by putting up a poster on the 
bulletin board at the two schools. Fifty (3 males, 47 females) 
healthy adults participated in this study. Inclusion criteria 
included no oral diseases such as caries or TMJ arthrosis, the 
ability to chew a piece of gum for at least 5 min at a time and 
being less than 40 years old. Exclusion criteria included not 
being able to chew gum for any reason and milk allergy; the 
latter exclusion criterion was included because of the gum 
ingredients. No volunteers were excluded on the basis of 
these criteria. The participants were then randomly allocated 
into the intervention and control groups. 
Procedures 
This study was approved by the ethics committee of the 
Faculty of Medicine, Tokyo Medical and Dental University.  
We assigned the participants randomly to the intervention 
group (n = 26) and the control group (n = 24) according to a 
list of random computer-generated numbers. Self-
administered questionnaires were used in the present study. 
The participants were asked age, sex, hours of sleep, the fre-
quency of gum chewing, whether the person studied while 
gum chewing, and whether he or she took a break while 
chewing. We also asked the participants with the Visual 
Analog Scale (VAS) that they chew diet well as statement of 
“subjective dietary chewing”. In addition, the participants 
were asked to complete the State-Trait Anxiety Inventory 
(STAI), the short-form Profile of Mood States (POMS), the 
World Health Organization QOL 26 (WHO-QOL26), and an 
assessment of fatigue with the Visual Analog Scale (VAS). 
We repeated the assessment of STAI (state -anxiety only), 
POMS, WHOQOL26, and fatigue at 2 weeks (after interven-
tion) and 4 weeks (follow-up). Participants were asked to 
mail the questionnaires with a postal envelope at each time 
point. No further intervention was offered except the 14 
days’ gum chewing.  
Intervention 
The participants of the intervention group were asked to 
chew gum twice per day for 14 days. Recaldent Gum with 
mint flavor (Cadbury Japan, Tokyo, Japan) was used. We 
encouraged the participants to chew the gum for at least 5 
min at a time. We also explained that they could chew the 
gum at any time and at their own pace. The frequency and 
length of time of gum chewing were based on previous stud-
ies and the consumption recommended by the gum manufac-
turer [16, 18-20].  
The ingredients of Recaldent Gum with mint flavor were 
as follows: maltitol, syrup, calcium casein peptone-calcium 
phosphate, gum base, xylitol, aspartame, L-phenylalanine, 
acesulfame potassium, natural and artificial flavoring, gela-
tin, gum arabic, mannitol, candelilla wax, and soy lecithin. 
The weight of a single piece is 1.36- 1.37 g. To ensure com-
pliance with the gum chewing intervention, participants in 
the intervention group were asked to record information 
about the gum chewing. We assessed how many days and 
how many times they chewed. Adherence was calculated by 
dividing the total number of times gum was chewed by 14 
(days) and multiplying this value by 2 (times per a day). 
The control participants were provided with a mint prod-
uct (MINTIA; ASAHI FOOD & HEALTHCARE CO., To-
kyo, Japan) to prevent them from dropping out. To avoid the 
influence of chewing and flavor [7, 21], we selected a prod-
uct with a mint taste that resembled the taste of the gum. The 
ingredients of the mint product were as follows: lemon juice 
powder, parsley seed oil, sorbitol, aspartame, L-
phenylalanine, acesulfame potassium, flavoring, silicon di-
oxide fine powder, sucrose ester, gardenia yellow, green tea 
extract. The weight of a single piece is 0.14g. We asked the 
participants in the control group to have a mint whenever 
they wanted and not to refrain gum chewing. We checked 
whether they chewed gum more than once a day during the 
intervention period (baseline through 2w) and the follow-up 
period (2w through 4w).  
Outcome Measurements  
Anxiety  
Anxiety was assessed using Spielberger’s STAI. It con-
sists of two parts, state anxiety and trait anxiety [22, 23]. The 
state anxiety scale consists of 20 statements that evaluate 
how the respondent feels “right now, at this moment.” The 
trait anxiety scale consists of 20 statements to evaluate how 
the respondent feels “generally.” The items were developed 
for responses on a 4-point, Likert-type scale. The trait anxi-
ety score was used only as a baseline assessment in this 
study. 
Mood 
The POMS is a self-administered adjective checklist 
measuring transient mood states [24]. We used the short-
form POMS Japanese edition, which includes 30 items and a 
coded 5-point scale [25]. The POMS has the six measure-
ment factors for “tension-anxiety,” “depression-dejection,” 
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Quality of Life 
The QOL was assessed using the Japanese version of the 
WHO-QOL26 [26]. The WHOQOL26, a generic health-
related QOL evaluation, measures overall QOL and four 
separate domains of health: physical, psychological, social 
relationships, and environment [27]. Each question is graded 
on scale of 1-5 points. The lower the score is, the greater the 
disability. 
Assessment of Fatigue 
Physical and mental fatigue were evaluated subjectively 
by using the VAS. The VAS consists of a 100-mm line, an-
chored with the extremes of fatigue strength as “no fatigue” 
and “worst fatigue possible”. Participants were asked to rate 
how they felt at that precise moment. 
Statistical Analysis 
All analyses were performed using SPSS 17.0 for Win-
dows (SPSS Japan Inc, Tokyo, Japan). We used the t test, the 
chi-square test, and the Mann-Whitney U test to compare the 
baseline characteristics of intervention and control partici-
pants. These testing were two-tailed, at the 0.05 significance 
level. The two follow-up time points were conducted at 2 
and 4 weeks. The primary analysis was based on intention-
to-treat analysis. The student t test with Bonferroni correc-
tion (p<0.016) was used to detect the differences between the 
intervention group and the control group at baseline, 2 
weeks, and 4 weeks.  
RESULTS 
The Fig. (1) shows the flow of participants through the 
study. Fifty participants were enrolled in the study, including 
26 in the intervention group and 24 in the control group. A 
woman dropped out because she did not complete the ques-
tionnaires at baseline. At 2 weeks, 6 intervention and 7 con-
trol participants did not reply. At 4 weeks, 13 drop-outs of 2 
weeks and another 3 intervention participants did not reply. 
Forty-nine participants were included in the analysis, and 
thirty-three participants completed the study. For the 16 
drop-outs, the scores were higher for two factors of the 
POMS than they were for the 33 participants (depression-
dejection 7.7 for the drop-outs vs 4.8 for the remaining par-
ticipants, p = 0.036; confusion 10.7 vs 8.0, respectively; p = 
0.018). However, the drop-outs did not differ with regard to 
other characteristics and measurements at baseline. 
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Characteristics of the Participants 
Table  1 shows the participants’ characteristics and life 
style. Forty-nine participants completed the baseline assess-
ment. The mean age was 20.9 years (SD = 4.1), and only 
three were men. More than half of the participants were 
regular gum chewers before participating in the study. There 
was no significant difference in trait-anxiety of STAI be-
tween the intervention and control groups. 
Differences in the Scores for Anxiety, Mood, and Fatigue 
in Two Groups 
All measurements at baseline were similar in both groups 
(Table 2). After 2 weeks, outcome data were obtained for 36 
(72%) participants. All of the 36 participants were found to 
have chewed gum for more than 13 days. Adherence was 
less than 80% in only 2 participants. In the control group, 
two subjects had chewed a gum more than once a day during 
the intervention period.  
At 2 weeks, the score of state anxiety was significantly 
lower in the intervention group than in the control group (p < 
0.016). The scores for depression-dejection, fatigue, and 
confusion for POMS were significantly lower in the inter-
vention group than in the control group (p < 0.016). Mental 
fatigue scores for the intervention participants were signifi-
cantly different from those of the control participants (Table 
2). 
In regard to the QOL scores, there were no significant 
differences except for physical domain between the two 
groups. 
At the follow-up assessment (4 weeks), 32 participants 
replied to the questionnaires. There were no significant dif-
ferences in all outcomes between the intervention and con-
trol groups (Table 2).  
Eight subjects in the intervention group had chewed a 
gum more than once a day during the follow-up period. At 4 
weeks, the mental states of gum chewers (n=8) were not dif-
ferent significantly than those of no gum chewers (n=24). 
At 2 and 4 weeks, the states of subjective dietary chew-
ing in the intervention group differed significantly from 
those in the control group. The participants in the interven-
tion group think that they chewed diet well. 
DISCUSSION 
The aim of this study was to examine the effects of gum 
chewing for 14 days on mental health parameters. State-
anxiety, mood, and fatigue were found to be improved after 
Table 1. Characteristics of Participants at Baseline 
 Intervention  Control 
Characteristics   (n=26)  (n=23) 
Age, mean (SD), y  21.5 (5.0)  20.1 (2.7) 
Male  1 (4%)  2 (9%) 
Institution (school)   
A  14 (54%)  10 (43%) 
B  12 (46%)  13 (57%) 
Frequency of gum chewing     
 usually  5 (19%)  3 (13%) 
 often  13 (50%)  12 (52%) 
 rarely  7 (27%)  7 (30%) 
 not at all  1 (4%)  1 (4%) 
Study while gum chewing     
 usually  0 (0%)  3 (13%) 
 often  14 (54%)  9 (39%) 
 rarely  6 (23%)  8 (35%) 
 not at all  6 (23%)  3 (13%) 
Take a break while gum chewing     
 usually  2 (7%)  5 (22%) 
 often  9 (35%)  7 (30%) 
 rarely  9 (35%)  6 (26%) 
 not at all  6 (23%)  5 (22%) 
Subjective dietary chewing (VAS), mean (SD)   
baseline  44.9 (20.1)  42.0 (24.5) 
2w  n = 20 70.5 (22.8)  n = 16 38.8 (19.0) 
4w  n = 16 66.4 (27.9)  n = 16 43.4 (22.5) 
STAI    
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gum chewing in the intervention group as compared with the 
control group. At the follow-up assessment, the scores for 
the intervention and control groups were similar. These re-
sults suggest that the improvement by the intervention may 
not be maintained afterwards. 
Our results support the hypothesis that regular gum 
chewing has an effect on psychological status. This trial 
examined the effect of gum chewing on both experimental 
stress and also social-related stress. The results of the previ-
ous studies that examined the effects of gum chewing on 
psychological stress test were controversial. Scholey et al.
 
[28] investigated the effects of gum chewing on task-induced 
stress. In this study, gum chewing was found to be associated 
with decreased levels of self-rated anxiety and stress and a 
reduction in salivary cortisol concentrations. Based on the 
Scholey study, the Toney’s participants performed an in-
soluble anagram task followed by a soluble anagram task 
[29]. The performance of these tasks and the levels of stress 
were found to be similar with or without gum chewing.  
In the present study, the scores for state -anxiety in the 
intervention group were better than those in the control 
group after gum chewing for 14 days. The scores for depres-
sion-dejection, fatigue, confusion in POMS and fatigue on 
VAS were also significantly different in both groups. On the 
other hand, the scores of vigor in POMS and the QOL scores 
except physical domain were similar between the two 
groups. These results suggest that regular gum chewing im-
proves negative feelings rather than promotes positive feel-
Table 2. Comparisons of Anxiety, Mood and Fatigue between Intervention and Control Groups 
   Intervention  Control 
  n Mean S.D.  n  Mean  S.D. 
p 
[STAI]              
State anxiety  baseline  25  44.4   7.6   23  44.1   9.0   
  2w  20  38.9   7.5   16  49.6   11.3   *
  4w  16  42.3   9.8   16  48.7   11.3   
[POMS]              
Tension-Anxiety  baseline  26  9.0   5.3   23  9.9   4.9   
  2w  20  5.3   3.3   16  8.3   4.8   
  4w  16  6.1   4.4   16  7.3   5.3   
 Depression-Dejection  baseline  26  6.2   4.4   23  5.4   4.6   
  2w  20  3.3   2.5   16  7.2   5.2   *
  4w  16  3.4   3.4   16  6.6   5.2   
 Anger-Hostility  baseline  26  4.7   4.3   23  5.1   4.6   
  2w  20  3.5   2.9   16  5.9   4.3   
  4w  16  3.9   3.0   16  4.7   4.6   
 Vigor  baseline  26  8.0   3.6   23  7.3   4.1   
  2w  20  8.7   3.3   16  6.8   3.3   
  4w  16  9.1   3.7   16  7.6   4.7   
 Fatigue  baseline  26  10.6   4.7   23  12.0   5.4   
  2w  20  6.8   3.6   16  10.3   4.3   *
  4w  16  8.8   4.9   16  9.3   4.7   
 Confusion  baseline  26  8.6   3.7   23  9.4   4.1   
  2w  20  5.7   2.2   16  9.8   3.3   *
  4w  16  6.9   3.8   15  8.7   3.7   
[Physical fatigue]  baseline  26  65.8   21.6   23  61.4   18.9   
  2w  20  40.7   25.8   16  57.2   20.9   
  4w  16  49.9   30.1   16  49.1   26.5   
[Mental fatigue]  baseline  26  60.9   22.6   23  65.7   20.8   
  2w  20  34.3   22.4   16  60.6   21.8   *
 4w  16  41.4   29.7   16  59.6   20.4   
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ings. The WHOQOL26 instrument evaluates not only physi-
cal and mental satisfactions but also the social and environ-
mental aspects. The WHO states that this instrument assesses 
the individual’s perceptions in the context of their culture 
and value systems, as well as their personal goals, standards, 
and concerns [26]. A longitudinal intervention is needed to 
confirm the influence on QOL.  
The participants in the present study were nursing stu-
dents. Generally, nursing students have high levels of stress 
and anxiety in the clinical learning environment [30-32]. The 
present study was carried out while the students were not 
involved in clinical training. Their levels of anxiety and 
mood were similar to those of the previous Japanese studies 
[25, 30]. Even though many research articles have been pub-
lished on a variety of strategies to help decrease students’ 
high levels of anxiety in the clinical learning environment 
[33], few researchers have been successful in finding ways 
of decreasing student anxiety. Therefore, our results indicat-
ing that daily gum chewing influenced the anxiety levels and 
mood of nursing students seem to be important.  
Gum chewing also was shown to relieve mental fatigue 
in the present study. Fatigue is related to stress [34], and 
chronic fatigue has been found to induce serious conditions 
[35]. Lasting fatigue is difficult to recover from by simple 
rest or task moderation. Our previous study showed that gum 
chewing during the time of a psychological stress test im-
proved physical and mental fatigue after the test [36]. Ac-
cording to the Japanese National Survey of Health in 2004 
[37], 49% of individuals aged 12 years or older reported ex-
periencing stress in their daily lives. Finding ways to recover 
from fatigue after a stressful event may be helpful in stress 
management.  
In Zibell’s study[17], different intervention periods were 
applied for regular chewer and seldom chewer. The constant 
gum chewing was conducted in our study regardless of 
chewing habit, and then this gum chewing may affect the 
participant’s mental health. In this study, the quantitative 
frequency of gum chewing before the study were not clarify 
because the 4-points Likert scale to examine how the partici-
pants were familiar with gum chewing. Further investigation 
is necessary to better understand how cessation of chewing 
affects mental health of regular chewers and whether the 
improvement of mental state was larger in seldom chewers 
than regular chewers. 
Various mental health programs have been developed to 
try to improve psychological status. Hollingworth (1939) 
described chewing as a technique of relaxation [38]. Yoga 
also has been reported to improve levels of anxiety [39, 40]. 
Aroma has been shown to influence mood [21], and medita-
tion has been shown to reduce stress and improve mood [41]. 
To get the beneficial effects of these techniques, participants 
must adhere to the technique and motivated. As gum chew-
ing does not require any special preparation, skills, or 
equipments, it may be widely accepted.  
The present study has some limitations. The sample size 
was small, and there was a selection bias in participants be-
ing recruited from only two colleges. We did not power 
analysis because there were no available preliminary studies 
that were referred to sample size, we recruited volunteers as 
much as possible. Also, the participants had motivation and 
interest in the study and gum chewing. Therefore, the results 
may not be applicable to general population who has no in-
centive.  
To prevent dropout of the subjects, the intervention term 
was designed to use the minimum number of days that would 
allow us to estimate an effect. We did not instruct the control 
participants not to bite a mint product. Even if they bite mint 
product, however, this mint would dissolve in their mouth 
after a few bite. Therefore, chewing effect in this group 
seemed to be minimal. Also, we did not ask them to refrain 
gum chewing during the intervention period. Although two 
control participants chewed a gum more than once a day, we 
were not able to analyze because of small sample size. 
Since there were no available data how the duration af-
fects mental status, we adopted “5 minute” chewing. Conse-
quently, the total duration of chewing may variety. In addi-
tion, the scores of subjective dietary chewing were different 
significantly between the intervention and control groups at 
2 weeks and 4 weeks assessment. The intervention partici-
pants would come to chew in daily life by allocating the in-
tervention group. Further studies needed to clarify not only 
the effects of duration and intervention period of gum chew-
ing, but also dietary habit. 
The subjects in this study were healthy condition in some 
psychological outcomes. To apply mental health care or 
stress-management, the effect of gum chewing will be exam-
ined in people under stressful environment. Another limita-
tion of this study was that a double-blind design could not be 
applied because of the nature of this kind of interventions. 
In conclusion, the results of the present study show that 
14 days gum chewing improves the levels of anxiety, mood, 
and fatigue in healthy young adults.  
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